Two CCD epochs of light minimum and a complete R light curve of SS Ari are presented. The light curve obtained in 2007 was analyzed with the 2003 version of the W-D code. It is shown that SS Ari is a shallow contact binary system with a mass ratio q = 3.25 and a degree of contact factor f = 9.4%(±0.8%). A period investigation based on all available data shows that there may exist two distinct solutions about the assumed third body. One, assuming eccentric orbit of the third body and constant orbital period of the eclipsing pair results in a massive third body with M 3 = 1.73M ⊙ and P 3 = 87.0yr. On the contrary, assuming continuous period changes of the eclipsing pair the orbital period of tertiary is 37.75yr and its mass is about 0.278M ⊙ . Both of the cases suggest the presence of an unseen third component in the system.
Introduction
SS Ari, which was discovered as a variable star by Hoffmeister (1934) and then was recognized as a W Ursae Majoris type eclipsing binary system, has been paid more and more attention to due to its erratic period variations (Demircan & Selam 1993 ) since 1993. Many high accurate CCD times of minimum of it has been obtained in recent years. Five years have past since the last researches have been done by Kim et al. (2003) . It is high time that we did some new studies to compare with the results found out by our predecessors.
Many researchers have presented its photoelectric light, such as Zhukov (1975) , Kaluzny & Pojmanski (1984a, b) , Rainger et al. (1992) , Liu et al. (1993) and Kim et al. (2003) . At the same time, spectroscopic observations for this system have been reported by Lu (1991), Rainger et al. (1992) and Kim et al. (2003) . Furthermore, the period variabilities were studied by Braune (1970) , Kaluzny & Pojmanski (1984a, b) , Kurpinska-Winiarska & Zakrzewski (1990) , Rainger et al. (1992) , Demircan & Selam (1993) , Kim et al. (1997) , Kim et al. (2003) . And so on.
Up to now, it is agreed that SS Ari is a sun-like W-type W UMa system with a spectral type in the interval F8V-G2V, mass parameters M 1 = 0.4M ⊙ , M 2 = 1.3M ⊙ . As Kim et al. (2003) pointed out, there are still many discordant matters among the previous investigations: diverse interpretations of the period activity, apparent intrinsic variability of the light curve, and disparate radial velocity curves. New times of minimum can validate the previous results about its period changes; new light curves can hope to make a contribution to the first two confusions. Those are the motivation of our current work.
New observations
SS Ari was observed on two nights (December 13, 14, 2007) with the PI512 TKB CCD photometric system attached to the 60cm reflecting telescope at the Yunnan Observatory in China. The R color system used is close to the standard UBVRI system. The effective field of view of the photometric system is 7 ×7 arcmin at the Cassegrain focus. The integration time for each image is 15 s. The comparison star is BD+23
• 277. PHOT (measure magnitudes for a list of stars) of the aperture photometry package of IRAF was used to reduce the observed images. Through the observation we obtained a complete R light. By calculating the phase of the observations with Equation 2, the light curves are plotted ( Figure 1 ) and the original data in the R band are listed in Table 1 . In this figure, it is shown that the data are high quality and the light variation is typical of EW type. Since the lights around the minimum are symmetric, a parabolic fitting was used to determine the times of minimum light by the least square method. In all, our two new epochs of light minimum were obtained and listed in the last line of Table 2 .
Orbital period variations
The orbital period of the W-type contact binary, SS Ari, has been studied by several authors. Braune (1970) first noted that the period of SS Ari is variable. And this conclusion was confirmed later by Kaluzny & Pojmanski (1984b) . They deemed that the period can be described by two possibilities, (i) continuous sine-like variation, (ii) change formed by several jumps. Kurpinska-Winiarska & Zakrzewski (1990) questioned the sine-like shape of the O-C curve of SS Ari, since the sine-like variation mainly results from the positions of the visual and photographic timings published before 1965. They forced to present the O-C observations by a parabolic fitting, claiming that the sine-like fitting was also acceptable if the O-C values of the timings published before 1965 were shifted by half a period. Later, the period changes of SS Ari were studied in detail by Demircan & Selam (1993) ; their results showed that the O-C diagram of the system varies as a cyclic oscillation of which the amplitude is 0.
d 0398 and the period is 44.8 yr. This phenomena was explained as lighttime effect, which is caused by a hypothetical third body with M 3 ∼ 1.0M ⊙ . Since not any sign of the third body was seen in the spectrum of this binary, Lu(1991) pointed out that the hypothetical third body is too faint, most probably a binary just as in the case of XY Leo (Barden 1987) , or a white dwarf. The latest researches were given by Kim et al. (2003) . They postulated three possible reasons for the period variation. First, it was caused by cyclical magnetic activity or by a light-time effect due to a gravitationally bound third star. Second, it may be a secular period change because of mass transfer. Third, the real variations were more complicated. They concluded that there exist not only a third body (m 3 = 1.96M ⊙ , P 3 = 39.7yr), but also a fourth body (m 4 = 2.38M ⊙ , P 4 = 88.2yr).
Model I: A constant orbit superimposed a eccentric orbit fitting
Demircan & Selam gave their liner ephemeris:
After that investigation, some photoelectric and CCD times of light minimum have been published. All its available times of light minimum have been collected to look for the real period changes, including visual, photographic, photoelectric and CCD observations. Those were completely listed in Table 2 . Based on all collected eclipse times, setting visual and photographic data as weight 1, meanwhile setting photoelectric and CCD data as weight 8, a new linear ephemeris was obtained:
The (O − C) values with respect to the linear ephemeris are listed in the fifth column of Table 2 . The corresponding (O − C) diagram is displayed in Figure 2 . It is no doubt that the general (O − C) trend of SS Ari, shown in Figure 2 , is a cyclic variation. Consider the relationship of the two periods derived by Kim et al. (2003) , an eccentric orbit and constant period fitting was used. The result is: 
The corresponding O-C curve is shown in Figure 2 , where solid cycles refer to the photoelectric or CCD primary minima and open ones to the photoelectric or CCD secondary minima. Solid triangles denote visual or photographic primary minima, open triangles denote visual or photographic secondary minima; meanwhile, solid line represents an eccentric ephemeris variation. The corresponding residuals were drawn in Figure 3 . From it we can see all photoelectric, CCD and most of visual, photographic timings' residuals are in a horizontal line, except some scatters. It accounts for that the line fits all photoelectric and CCD data very well, although the visual and photographic data show large scatters in the E interval 0-10000. By aid of relations (Kopal 1978) ,
where P e is the ephemeris period (0. d 40598629) and a 1 , a 2 , b 1 , b 2 are the corresponding fitting coefficients (a 1 = 0.0859, b 1 = 0.0595, a 2 = 0.0023, b 2 = −0.0205), the period of the orbital oscillation was determined to be T=87.0yr with an eccentricity e ′ = 0.3948. These may suggest that there exists a small-amplitude oscillation in the period changes, which can be explained by the presence of an unseen third body in the system. This unseen third body was first proposed by Demircan & Selam (1993) and later confirmed by Kim et al. (2003) .
Model II: A quadratic change superimposed a cycle change fitting
However, since very small amount of the early data (before 1960), the photographic and visual times of light minimum showed a large scatter (up to 0.06 days). Those data not only do not contribute to form the general O-C trend of the binary system but also tend to mislead regarding the real period changes. Considered this, the key visual data in early years may be fallible, the simulation by eccentric orbit and constant period model may be incredible.
The same situation was met during the period analysis of AM Leo (Qian et al. 2005 ) and HL Aur (Qian et al. 2006) , AP Leo (Qian et al. 2007 ). This situation suggests that some of the period variations pointed out by former investigators are hardly reliable. Therefore, only using those photoelectric and CCD times of minimum light for the present period study of SS Ari is necessary. The new linear ephemeris purely derived by photographic and CCD data is:
Based on these high accurate data, we give a quadratic fitting:
That fitting is shown in Figure 4 , the dash line. Actually, only a quadratic simulation can not fit the data well. Having bethought of the doubtless cyclic oscillation in O-C diagram, we used a circular orbit and continuous period change form to fit these data, the result is:
The resultant O-C diagrams are also shown in Figure 4 and 5, as the solid line represents. That fitting gives a long-term decrease (dP/dt = −4.03 × 10 −7 days/year) with a clear period oscillation (A 3 = 0.
d 0112, T 3 = 37.75 years). The residuals were plotted in Figure 6 . Comparing with the Figure 3 , the residuals in this graph is purely good.
Photometric solutions
Because of its unusual period changes, spectroscopic observation have been done by Lu (1991) and Rainger et al. (1992) . Ten years later, Kim et al. (2003) gave a comprehensive investigation, including the period changes, the photometric and spectroscopic parameters. According to their studies, the spectroscopic mass ratio is more likely q = 3.25 which we adopted in our photometric solution. Of course, as a standard process, to check this value, a q-search method with the 2003 version of the W-D program (Wilson & Devinney, 1971 , Wilson, 1990 , 1994 , Wilson & Van Hamme, 2003 was used ( Figure 7 ). We fixed q to 0.3, 0.4, 0.5, and so on, as figure 7 shows. It can be seen that the best value is between q = 3.1 and q = 3.7, which is acceptable in the range of the errors.
During the solution, the temperature of star 1 (star eclipsed at primary light minimum) was fixed at T 1 = 5860K, the same value used by Kim et al. (2003) . The bolometric albedo A 1 = A 2 = 0.5 (Rucinski 1969) and the values of the gravity-darkening coefficient g 1 = g 2 = 0.32 (Lucy 1967) were used, which correspond to the common convective envelope of both components. According to Claret & Gimenez (1990) , a limb-darkening coefficient of 0.491 in R was used. We adjusted the orbital inclination i; the mean temperature of star 2, T 2 ; the monochromatic luminosity of star 1, L 1R and the dimensionless potential of star 1 (Ω 1 = Ω 2 , mode 3 for contact configuration). A small O'Connell effect of the system can not be ignored. As SS Ari's spectral type is in the interval F8V-G2V, a sun-like star, it seemed that the probability of appearance of starspots on the surface of the star is high. In fact, as many researchers have done before (e.g., Liu et al. 1993 , Kim et al. 2003 , which were an agreement now, we add a spot on the star 2 that was subsequently proved as the cooler more massive primary component. The photometric solutions are listed in Table 3 and the theoretical light curves computed with those photometric elements are plotted in Figure 8 . In order to get a image of the binary and its surface spots in our mind, the geometrical structure of SS Ari is displayed in Figure 9 . For comparing, the results of previous studies are listed in Table 4 .
Discussions and conclusions
The orbital period was revised as 0.40599166 days by using 115 photoelectric and CCD timings of SS Ari listed in Table 2 . This system is a shallow contact W-Type binary with q = 3.25, f = 9.4%. These suggest that the system may be a marginal contact binary. The temperatures of the two components are different (372K), that phenomena is very common in marginal contact binaries. Marginal contact binaries, whose fill factor are very small, (f 10%) are indicators of the time-scale that a binary will spend to evolve into the contact stage. For example, II CMa (Liu et al. 2008 ), V803 Aql (Samec et al. 1993) , FG Sct (Bradstreet 1985) , RW PsA (Lucy & Wilson 1979) , XZ Leo (Niarchos et al. 1994) , S Ant (Russo et al. 1982) .
Model I
As shown in Figures 2, 3 and 4, both of the primary and the secondary times of light minimum follow the same general trend of O-C variation indicating that the weak O-C oscillation can barely be explained as apsidal motion. The alternate period change of a close binary containing at least one solar-type component at least can be interpreted by the mechanism of magnetic activity (e.g., Applegate 1992 , Lanza et al. 1998 . However, for contact binary stars, we scarcely know whether this mechanism can work or how it might work; the common convective envelope covers the truth. We deduce that the period oscillation may be caused by the light-time effect of a tertiary component. The trend of O-C variation is very clearly, as we can see from Figure 2 , though the data between E=0 and E=10000 show large scatters. In the previous section, by assuming an eccentric orbit and constant period model, a theoretical solution of the orbit for the assumed tertiary star was calculated. By using this equation:
(where a
; c is the speed of light; e ′ is the eccentricity of the third body's orbit; w ′ is the longitude of periastron of the third body's orbit), the mass function for the tertiary component is computed. Then, with the following equation:
taking in the physical parameters Kim et al. 2003) , the masses and the orbital radii of the third companion are computed. The values for several different orbital inclinations (i ′ ) are shown in Table 5 . If the tertiary companion is coplanar to the eclipsing pair (i.e.,with the same inclination as the eclipsing binary), its mass should be m 3 = 1.73M ⊙ . This mass is big enough to be detected. However, several spectral observations did not find a third body any more. Why is so massive star difficult to be seen? The possibility is that it is a compact star, what consistent in the results given by Kim et al. (2003) . If the compact object really exists, the most point is how can the third body evolve into a compact star leaving a main sequence centric binary system? The interpretation by capture theory is more reasonable than by forming at same time and evolving together.
Model II
However, from Eq.9, we were amazed at the very small mass of the third body (About 0.278M ⊙ , see Table 5 ). We think that this model is a much better interpretation of the unseen tertiary. All doubts mentioned above will be swept away as the unseen component is a small mass star (e.g., the third body should be a cool dwarf star which is unseen spectroscopically and contributes extremely low light to the total system in optical band). This fitting gives its long-term decrease with a change rate dP/dt = −4.03 × 10 −7 days/year, which may be due to a conservative mass transfer from the more massive component to the less massive one. Then with the accepted absolute parameters, the well-known equation (Tout & Hall 1991) 
the mass transfer rate is estimated to be dM 2 /dt = −1.91 × 10 −7 M ⊙ /year where minus expresses the more massive component M 2 losing mass. The timescale of mass transfer is τ ∼ M 2 /Ṁ 2 ∼ 6.80 × 10 6 years. This number is half of the thermal time scale of the massive component. On the other hand, both components of SS Ari are solar-type stars (spectral type in the interval F8V-G2V) but they rotate about 100 times as fast as the Sun, indicating a high degree of magnetic activity from the spin-up of the components. The asymmetry and variation of the light curve are indicators of spot activity. The long term decrease of the orbital period can be explained as the results of an enhanced stellar wind and AML. It is possible that the cyclic period change is caused by magnetic activity-driven variations in the quadrupole momentum of the solar-type components (e.g., Applegate 1992 , Lanza et al. 1998 ). Qian (2001a Qian ( , b, 2003a has shown the long-term period variation of contact binary stars may correlate with the mass of the primary component (M 1 ), the mass ratio of the system (q). His statistic critical mass ratio q is 0.4. When q > 0.4, the secular period increases; contrary, q < 0.4, the secular period decreases. The secular period decrease of SS Ari is consistent with this conclusion. To interpret the secular period changes of contact binary stars, Qian (2001a Qian ( , b, 2003a has proposed an evolutionary scenario of eclipsing binary stars. According to this scenario, the evolution of a contact binary may be the combination of the thermal relaxation oscillation (TRO) and the variable angular momentum loss (AML) via the change of depth of contact. Systems (e.g., V417 Aql, see Qian 2003b) with a secular decreasing period are on the AML-controlled stage, while those (e.g., CE Leo, see Qian 2002) showing an increasing period are on the TRO-controlled stage. The long-term period decrease of SS Ari may suggest that it is on the AML-controlled stage of this evolutionary scheme. and No.O8AXB51001. New observations of the system were obtained with the 60cm telescope at Yunnan Observatory. Thanks to the anonymous referee who has given us very constructive comments and cordial suggestions, which helped us to improve the paper greatly. 
